Advanced hepatocellular carcinoma (HCC) remains a fatal disease even in the era of targeted therapies. Intra-arterial chemotherapy (IACT) can provide therapeutic benefits for patients with locally advanced HCC who are not eligible for local therapies or are refractory to targeted therapies. The aim of this retrospective study was to analyze the effect of IACT with cisplatin and doxorubicin on advanced HCC. Methods. Patients with advanced HCC who were not eligible for local therapies or were refractory to sorafenib received doxorubicin (50 mg/m 2 ) and cisplatin (50 mg/m 2 ) infusions into the liver via the transhepatic artery. Between January 2005 and December 2011, a total of 50 patients with advanced HCC received this treatment regimen. The overall response rate (ORR) was 22% in all treated patients. In patients who received at least 2 cycles of IACT, the ORR was 36.7%, and the disease control rate was 70%. Survival rate differed significantly between patients who received only one cycle of IACT (group I) and those who received several cycles (group II). The median progression-free survival was 1.3 months and 5.8 months in groups I and II, respectively ( < 0.0001). The median overall survival was 8.3 months for all patients and was 3.1 months and 12.0 months in groups I and II, respectively ( < 0.0001). The most common toxicity was alopecia. Four patients developed grade 3 or 4 leukopenia. Worsening of liver function, nausea, and vomiting were uncommon side effects. This study demonstrated clinical efficacy and tolerable side effects of repeated IACT with doxorubicin and cisplatin in advanced HCC. Our regimen can be an alternative choice for patients with adequate liver function who do not want to receive continuous infusion of IACT.
Introduction
Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third most common cause of death from cancer worldwide [1] . HCC is proportionately even more important in Asian countries than in the rest of the world. Indeed, approximately three-fourth of HCC cases occur in Asian countries due to the high prevalence of chronic hepatitis B virus (HBV) infection in the population [2] .
Chronic HBV infection is a leading cause of HCC in most African and Asian countries with the exception of Japan [3] . The Asian Pacific Association for the Study of the Liver published consensus guidelines for the management of HCC in Asia [4] .
In Taiwan, due to the high prevalence of HBV infection, the incidence of HCC was always the highest of all cancers, until recently it has been surpassed by colorectal cancer [5] . Nevertheless, HCC is still the most common cancer and 2
The Scientific World Journal the most common cause of cancer-related deaths in men in Taiwan. Late diagnosis combined with liver cirrhosis, high recurrence rates, high HBV DNA titers, and possibly genetic factors may all contribute to the poor prognosis of HCC in Taiwan [6] .
The treatment of HCC is complicated by its highly variable biological behavior and the frequent coexistence of chronic liver disease, especially cirrhosis, in affected patients. Although surgery remains the most frequently employed treatment modality, curative resection is only possible in a minority of cases. Another curative treatment is ablation, which includes percutaneous ethanol injection, microwave coagulation, and radiofrequency ablation (RFA). These treatments have been widely performed on patients with small HCC, generally characterized by Child-Pugh A or B cirrhosis with fewer than three tumors, where each tumor is less than 3 cm in diameter [4] . For the large number of patients diagnosed beyond the criteria of curative resection or ablation therapies, palliative treatment may be the goal. At these stages, local therapies including RFA, alcohol injection, transarterial embolization (TAE), local radiotherapy, doxorubicin-eluting beads, and yttrium-90 microspheres are the available treatment options. For patients who are not eligible for local therapies, including patients with extrahepatic metastases and/or thrombosis in the portal vein or in its major branches, systemic therapies such as chemotherapy, targeted therapy, or intra-arterial chemotherapy (IACT) are the current treatment options [7] .
The rationale for IACT is to maximize drug concentrations in the liver and in the target tumor, at the same time, to minimize systemic toxicities [8] . Fluorouracil (5-FU), doxorubicin, and cisplatin all showed activities against HCC [9] and can be given safely by intra-arterial infusion [10] . In our institution, HCC patients with portal vein thrombosis (PVT) and massive or diffuse infiltration of tumor as well as patients refractory to previous TAE or target therapy were recruited to be treated by IACT with doxorubicin and cisplatin together. In this retrospective study, we report the results of fifty patients who were treated by IACT with doxorubicin and cisplatin.
Materials and Methods

Ethics Statement.
This retrospective study was approved by the Institutional Review Board (IRB) Committee at the Chang Gung Memorial Hospital, Kaohsiung, Taiwan. The written consent was specifically waived by the approving IRB.
Patient Eligibility
Criteria. This study was a retrospective analysis of a clinical database of patients with advanced HCC who were treated by IACT at the Kaohsiung Chang Gung Memorial Hospital, Taiwan, between January 2005 and December 2011. The indications for IACT included thrombosis in the main portal vein or in the major branches of the portal vein, tumors refractory to previous TAE, and contraindications to TAE. Patients could receive either local treatments such as RFA or ethanol injection or systemic therapies before IACT. Inclusion criteria included an Eastern Cooperative Oncology Group (ECOG) performance status ≤2, with adequate organ and bone marrow function defined as absolute neutrophil count ≥1,000/mm 3 , platelets ≥50,000/mm 3 , aspartate aminotransferase (AST), and/or alanine aminotransferase (ALT) ≤5 times the upper limit of normal (ULN), bilirubin ≤2 mg/dL, and creatinine ≤1.5times ULN. Liver function had to be Child-Pugh class A or B. Patients with tumors with arterialvenous shunt were excluded from the analysis. Each patient received a computed tomography (CT) scan or magnetic resonance imaging (MRI) scan of the abdomen and pelvis. In addition, if lung metastasis was suspected, a chest CT scan was also performed.
Intra-Arterial Chemotherapy
Procedures. Through a puncture site in the inguinal area, a catheter was inserted from the femoral artery to the celiac artery, and then to the proper hepatic artery. After selecting the major feeding artery of tumors, chemotherapeutic agents were injected sequentially into the tumors through the catheter, with the infusion rate controlled by an automatic infusion pump. After the injection of chemotherapeutic agents, the catheter was removed. The same procedure was repeated every time for IACT.
Chemotherapy Regimens.
Both doxorubicin and cisplatin were given at a dose of 50 mg/m 2 . Doxorubicin was diluted in 100 mL normal saline, and the infusion time was 10 minutes. Cisplatin was diluted in 500 mL normal saline, and the infusion time was 3 hours. Premedications included dexamethasone, serotonin receptor antagonists, and adequate hydration. The procedure was repeated at 4-6 week intervals and was stopped at either disease progression, impaired liver function, severe side effects, or intolerance.
Evaluation of Response and Therapeutic
Effects. Based on CT scans or MRI scans obtained before and after every two cycles of treatment, the response was evaluated according to RECIST criteria 1.1. Complete response (CR) was defined as the disappearance of all evidence of disease and the normalization of tumor markers for at least 4 weeks. Partial response (PR) was defined as a ≥30% reduction in unidimensional tumor measurements without the appearance of any new lesions or the progression of any existing intrahepatic lesion. Progressive disease (PD) was defined as any of the following: a 20% increase in the sum of the diameters of five measurable lesions, the appearance of any new lesions, or the reappearance of any lesion that had previously disappeared. Stable disease (SD) was defined as a tumor response that did not fulfill the criteria for CR, PR, or PD.
Progression-free survival (PFS) was defined as the time from the start of treatment until the date of clinical or radiological progression as determined by RECIST. Time to treatment failure (TTF) was defined as the time from the start of treatment to the date treatment discontinuation due to any cause, such as disease progression, side effects, or death. Overall survival (OS) was defined as the time from the start of second-line treatment until the date of death due to any cause.
The Scientific World Journal 3 The etiology of underlying disease was HBV alone in 32 patients, HCV alone in 4 patients, both HBV and HCV in 11 patients, and alcoholism in 3 patients. Thirty-nine (68%) patients had liver cirrhosis at the time of diagnosis. Because of late diagnosis, only 8 (16%) patients had the opportunity to receive hepatectomy before. Most patients were BCLC stage C at the time of IACT. The major indications for IACT were thrombosis in the portal vein (PVT), followed by multifocal nodules that could not be covered by TAE, and TAE failure. Six (12%) patients had extrahepatic metastasis at the time of IACT, but as their dominant symptoms were due to the primary tumors, they were also deemed eligible for IACT. The median serum AFP value of patients was 307.9 ng/mL (range: 3.0->87,500 ng/mL) ( Table 1) .
Treatment Results.
Twenty patients received only one cycle of IACT (group I), ten of whom could not be evaluated for response. Thirty patients received at least two cycles of IACT (group II), including six patients who received more than four cycles. Although none of the patients achieved CR, the overall response rate (ORR) was 22% in all patients. In group II patients, the ORR was 36.7%, and the disease control rate was 70% (Table 2 ). There were no significant differences in the base line characteristics between patients in these two groups. The response to IACT could also be evaluated by changes in vascular density during angiography (Figure 1 ). Survival differed significantly between group I and group II patients. The median PFS was 3.6 months for all patients, 1.3 months for group I patients, and 5.8 months for group II patients ( value <0.0001). The median OS was 8.3 months for all patients, 3.1 months for group I patients, and 12.0 months for group II patients ( value <0.0001) (Table 3, Figure 2 ).
Toxicities.
Four patients out of 50 developed grade 3 or 4 neutropenia during our study. Even in patients who received more than 2 cycles of IACT, the incidence of grade 3 or 4 neutropenia was only 6.7%. Worsening of liver functions was uncommon, as was severe nausea or vomiting. The most common side effect encountered was alopecia (Table 4 ). In general, toxicities from IACT were deemed to be acceptable.
Reasons for Discontinuation of IACT.
Tumor progression was the main cause of treatment discontinuation. Eleven patients stopped treatment due to adverse events, but only one patient was in the group who received at least two cycles of IACT. Six patients in our study group could receive local therapy after IACT, including two cases who received curative tumor resection (Table 5 ).
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Discussion
For patients diagnosed with HCC, resectability is the most important factor determining cure. Resectability depends not only on tumor stage but also on the functional reserve of the liver before and after resection. Liver-confined HCC is often associated with large size, vascular invasion, or multifocality. Advanced presentation and underlying liver disease limit the application of curative options, but the unique blood supply of the liver provides a way for local therapies through the hepatic artery. Transarterial embolization, transarterial chemoembolization (TACE), doxorubicin-eluting beads, and radioembolization with yttrium-90 microspheres all can achieve long-term survival in some patients. In Taiwan, viral hepatitis is the most common cause of liver cirrhosis and HCC. Delayed diagnosis is common, as reflected in our study by the high percentage (48%) of patients who did not have the opportunity to receive either liver resection or local therapies because of the presence of PVT. Other patients might have already received several treatments, and some of them had distant metastases at the time of IACT, which was the last chance treatment for them.
Although local therapies are effective against HCC restricted to the liver, there are still some contraindications for different therapies. These contraindications include major PVT, massive or diffuse infiltration of the tumor, poor The Scientific World Journal 7 liver function with Child-Pugh class C, and severe hepatic arteriovenous shunt. Before the era of targeted therapies, most patients with these contraindications were left with no further treatment options. Targeted therapies such as sorafenib are available at present, but their effect is still disappointing, especially in Asia-Pacific countries. In a randomized, phase III study of sorafenib, the median TTP was 2.8 months and the median OS was 6.5 months, but grade 3 or 4 side effects were common [22] . Another barrier for patients is the price of sorafenib, which is still too high to be affordable for most patients or organizations reimbursing the patients. Thus, for patients who cannot receive surgery, TAE, RFA, or targeted therapy, IACT is still one of the available choices.
The rationale for IACT is that increased local concentration of a drug is expected to result in increased therapeutic response, without high levels of systemic exposure to the given drug. Adriamycin, cisplatin, and floxuridine (5-fluoro-2 -deoxyuridine, FUDR) have been extensively used for IACT in HCC and other cancers [23] [24] [25] . In a phase III study in Japan, FUDR therapy resulted in a good response [12, 26] , but disadvantages include prolonged infusion times and the need for a permanent arterial port catheter system in the femoral artery which may disturb patients in their daily activities. Some studies also combined the systemic administration of interferon-to 5-fluorouracil treatment [19] . In summary, in several studies from Asia, chemotherapeutic agents such as 5-FU and cisplatin delivered into the hepatic artery via an implanted port system showed a favorable anticancer effect and improved response rates (Table  6 ). However, small sample size and lack of randomization generally make it difficult to recommend this kind of therapy for HCC with PVT [27] . In addition, protracted infusion of chemotherapeutic agents may have a negative impact on a patient's quality of life (QOL). Thus, it is desirable to tailor the treatment scheme to a shorter duration without compromising tumor response or increasing the incidence of adverse events. For patients with advanced HCC, cure is not the primary end point, survival benefit and QOL are. In our study, although the effect was only noninferior to other treatments, the time patients spent in hospital was relatively short. Shorter hospitalization can benefit patients by reducing the cost of treatment and by improving QOL.
In our treatment, we evaluated doxorubicin and cisplatin as therapeutic options for IACT. Both drugs can be given through the transarterial route with shorter infusion times compared to the protracted infusions of low-dose cisplatin and 5-FU which necessitate a relatively long-term treatment and hospitalization, as well as a permanent injection port implantation at the femoral site. In our current study, although the overall response rate (ORR) was only 22.0%, the median survival was 12.0 months and the median TTF was 7.0 months for patients who received at least 2 cycles of IACT; both were noninferior to other studies ( Table 6 ). The infusion duration required for our protocol was only 3 hours for intra-arterial chemotherapy, and the catheter was removed immediately after IACT. The median cycle of IACT was 3; most patients tolerated repetitive puncture of femoral artery well. They could return to their daily activities soon after IACT. These aspects of our protocol make it cost-efficient and facilitate the task of caregivers. Compared to other studies, the major side effect was grade 3 or 4 neutropenia, which happened in 8% of all patients, but none of the patients died of sepsis, and most other side effects were manageable.
Multivariate analysis revealed that the most significant prognostic factor in our study was the number of IACT cycles that the patients received. The RR in patients who received at least 2 cycles of IACT was significantly better than in the intent-to-treat population (ORR 36.7% versus 22.0%). There were no major differences in the baseline clinical characteristics of group I and group II patients, including the tumor stage at IACT, Child-Pugh criteria, performance status, and hemogram. The median PFS in group I versus group II patients was 1.3 months versus 5.8 months ( < 0.0001), whereas the median OS was 3.1 months versus 12.0 months ( < 0.0001). The major cause for discontinuation was disease progression, which eventually resulted in the death of most of our patients. These results emphasized that patient selection should be more carefully evaluated before IACT with this regimen. Such patients who had diffusely infiltrated tumors, multifocal tumors, and borderline liver function might not receive IACT. Because most of our patients had extensive intrahepatic tumors, it was difficult to deliver the drugs to all the parts of the tumor, even if the tip of catheter was in the right place. Thus, the concentration of the drugs might have been diluted, mitigating the therapeutic effect in some patients. Another reason for discontinuation was rapid progression during IACT. Although severe leukopenia and impaired liver function were not so common after IACT, symptoms from tumor progression before they accepted the secondary cycle of IACT would worsen the general condition of our patients and make further treatment difficult.
IACT is not included in the guidelines of the European Society of Medical Oncology and only included in the National Comprehensive Cancer Network (NCCN) guidelines in the context of clinical trials [28] . However, the use of IACT is still a common practice in the treatment of advanced HCC in Asia.
Conclusion
The results of our study demonstrated clinical efficacy and tolerable side effects of repeated IACT with doxorubicin and cisplatin in advanced HCC. Since there is still no standard regimen for IACT, our regimen can be an alternative choice for patients with adequate liver function who do not want to receive continuous infusion of IACT.
